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,  Abstract 

-V  - 

A  superconductive  convolver  with  tunnel- junct ion 
ring  mixers  has  been  developed  and  demonstrated  as  a 
programmable  matched  filter  for  near  1-GHz-bandwidth 
chirped  waveforms.  A  low-loss,  14-ns-long  super¬ 
conductive  stripline  circuit  provides  temporary  storage 
and  relative  shifting  of  signal  and  reference  wave¬ 
forms.  These  waveforms  are  sampled  by  23  proximity  tap 
pairs  and  local  multiplication  is  performed  by  25 
junction  ring  mixers.  Two  short  transmission  lines 
coherently  sum  the  local  products  and  deliver  the 
convolution  output.  The  output  power  level  of  the 
convolver  has  been  increased  18  dB  by  the  incorporation 
of  ring  mixers  and  other  output  circuit  improvements. 
These  mixers  employ  series  arrays  of  niobium/niobium 
oxide/ lead  junctions  driven  by  delay-line  taps  in  a 
quasi-balanced  manner.  The  ring  mixer  provides  higher 
output  power  levels  (to  -58  dBm) ,  'improved  suppression 
of  undesired  mixing  products  and  higher  rf  impedances 
than  did  the  single-junction  mixers  used  in  the  pre¬ 
vious  device.^-  Convolvers  can  provide  the  essential 
programmable  tiabcljed-  f  il  ter  component  for  extremely 
wide- bandwidth  spectral  analysis  or  spread-spectrum 
communication  systems.  The  current  device  has  a  2-CHz 
design  bandwidth  and  a  time- bandwidth  (TB)  product  of 
28.  It  produced  compressed  pulses  with  -7  dB  peak- 
to-side-lobe  levels.  Design  improvements  to  be  dis¬ 
cussed  include  increasing  the  TB  product  to  100  and  re¬ 
ducing  spurious  side-lobe  levels. 

Introduction 

The  first  demonstration  of  a  superconductive  con¬ 
volver  was  described  at  the  1982  Applied  Superconduc¬ 
tivity  Conference.'  This  device  employed  a  niobium 
microstrip  line  as  a  low-loss  delay  element^  and 
single,  superconductive  tunnel  junctions  as  mixing 
elements.  Because  of  the  low  saturation  level  of  the 
single-junct ion  mixers,  the  output  level  of  this  device 
was  only  marginally  greater  than  the  thermal  noise 
floor  set  by  wideband  room-temperature  amplifiers. 

Superconductive  ring  mixers  with  series  arrays  of 
tunnel  junctions  were  developed  and  incorporated  in  a 
new  convolver  design.  The  mixer  ring  provides  higher 
output  power  levels  and,  with  a  quadrature  feed, 
achieves  a  nominal  10-dB  suppression  of  undesirable 
mixing  seif-products.  The  delay  line  and  device  package 
were  redesigned  to  incorporate  a  stripline  structure 
resulting  in  lower  phase  distortion  and  more  reliable 
electrical  characteristics.  Device  operation  as  a 
wideband  programmable  matched  filter  was  demonstrated 
using  linearly  frequency-modulated  (chirped)  waveforms. 

A  convolver  can  provide  the  essential  signal 
processing  function  in  communications  for  wideband 
spread-spectrum  wavef orms The  programmable  feature 
of  convolvers  allows  the  encoding  waveform  to  be 
changed  from  bit-to-bit,  thereby  providing  maximum 
signal  processing  flexibility  and  resistance  to  repeat 
jamming  and  enabling  secure  communications.  Devices 
with  very  large  bandwldths  such  as  superconductive 
convolvers  can  accommodate  very  high  data  rates  while 
providing  covertness. 


•This  work  was  sponsored  by  the  Air  Force  Office  of 
Scientific  Research. 
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Convolver  Operation  £3 

Operation  of  the  superconductive  convolver  is 
shown  schematically  In  Fig.  1.  A  signal  s(t)  and  a 
reference  r(t)  are  entered  into  opposite  ends  of  a 
superconductive  delay  line.  Samples  (delayed  replicas) 
of  the  two  counterpropagatlng  signals  are  taken  at 
discrete  points  by  proximity  taps  weakly  coupled  to  the 
delay  line.  Sampled  energy  is  directed  into  junction 
ring  mixers  which  produce  mixing  products.  The  mixing 
products  are  spatially  integrated  by  summing  in  multi¬ 
ple  nodes  connected  to  one  or  more  short  transmission 
lines.  The  summed  energy  which  appears  at  the  output 
port  of  the  device  includes  the  desired  cross-product 
(signal  times  reference),  undeslred  self-products  as 
well  as  higher-order  terms.  Because  both  of  the  spatial 
patterns  are  moving,  there  is  a  halving  of  the  time 
scale  at  the  output;  that  is  the  center  frequency  and 
bandwidth  are  doubled.  If  the  reference  Is  a 
time-reversed  version  of  a  selected  waveform,  then  the 
convolver  functions  as  a  programmable  matched  filter 
for  that  waveform. 


Fig.  I  Schematic  of  the  superconductive  convolver. 

Convolver  Design 

Stripline  Structure  and  RF  Package 

A  photograph  with  an  overview  of  the  principal 
electronic  circuitry  of  an  unassembled  convolver  is 
shown  in  Fig.  2.  The  circuits  are  fabricated  on  a 
125-jira-thin,  2.5  x  4  cm^  sapphire  substrate  with  a 
niobium  ground  plane  deposited  on  the  reverse  side.  The 
central  region  of  the  device  consists  of  a  14-ns 
meander  delay  line  with  a  50-ohm  characteristic 
Impedance.  Twenty-five  proximity  tap  pairs,  located 
along  opposite  sides  of  the  delay  line,  sample  the 
propagating  waveforms  and  direct  the  sampled  energy 
into  a  corresponding  number  of  junction-ring  mixers. 
The  resultant  mixing  products  are  collected  and  summed 
by  two  low-impedance  (15  ohm)  transmission  lines  locat¬ 
ed  near  opposite  edges  of  the  rectangular  substrate. 
Each  end  of  the  output  transmission  line  has  a  tapered 
line  section  which  transforms  the  characteristic  imped¬ 
ance  of  the  line  to  a  standard  50  ohms.  The  desired 
outputs  from  the  two  transmission  lines  are  then  summed 
externally  with  a  microwave  combiner. 

During  device  assembly  a  second  sapphire  substrate 
with  another  niobium  ground  plane  (shown  in  Fig.  3)  is 
placed  against  the  delay  line  region  of  the  first  sub¬ 
strate  to  form  a  stripline  circuit.  Alignment  of  these 
two  substrates  to  each  other  is  determined  by  slots 
which  have  been  machined  in  the  base  package.  The  top 
sapphire  dielectrlc/nloblum  ground  plane  structure 
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Fig.  2  Sapphire  substrate  with  superconduct i ve 
circuits  mounted  in  base  plate. 

extends  beyond  the  edge  of  the  niobium  delay  line  but 
does  not  overlap  the  mixers  or  output  line.  A  spring 
insert  plate  is  mounted  over  the  top  substrate  and  52 
beryllium-copper  springs  are  inserted.  A  central  cover 
plate  is  then  added  which  compresses  the  springs  and 
with  a  nominal  48  newtons  of  force  holds  the  two  sap¬ 
phire  substrates  in  intimate  contact.  Wire  leads  are 
then  bonded  to  the  device  pads  and  RF  connectors  for 
electrical  connection.  Finally,  two  additional  cover 
plates  are  added  for  mechanical  protection. 

The  meander  delay  line  design  for  this  device  con¬ 
sists  of  78  straight-line  sections  connected  by  180- 
degree  bends.  Unfortunately,  these  bends  slightly 
perturb  the  line  impedance  and  cause  reflections.  Uith 
careful  design,  the  effects  of  these  reflections  can  be 
minimized.  Weak  coupling  between  adjacent  sections  of 
transmission  line  is  another  potential  source  of  re¬ 
flections.  Because  the  bends  are  periodically  spaced, 
these  reflections  add  coherently  at  certain  frequencies 
and  produce  stop  bands  in  the  transmission  response  of 
the  delay  line.  These  stop  bands  occur  at  fundamental 
and  harmonic  frequencies  of  1 2 1 j J —  ^  where  tj  Is  the 
delay  per  section.  The  design  intentionally  places  the 
input  frequency  band  (3-5  GHz)  between  the  1st  and  2nd 
stop  bands. 


Fig.  3  Photograph  of  convolver  substrates  and  major 
package  piece  parts. 


Junction  Ring  Mixer 

The  ring  mixer  has  two  RF  input  ports,  a  single 
output  port  and  a  dc  bias  port.  Each  of  its  active  legs 
has  several  superconductive  tunnel  junctions  in  series. 
The  bias  ports  are  connected  to  a  common  current  source 
while  the  output  ports  are  connected  to  one  of  the  two 
output  lines.  Two  terminals  on  opposite  sides  of  each 
ring  are  excited  by  RF  inputs  from  individual  proximity 
couplers.  The  two  couplers  are  separated  by  a  nominal 
9U  degrees  on  the  input  delay  line  and  ideally,  except 
for  a  phase  shift,  carry  equal  signal  (fj)  and 
reference  (f^)  components  to  the  mixer  terminals.  The 
desired  mixing  term  (fj  +  f^)  between  the  signal  and 
reference  is  coherently  summed  at  the  lower  terminal  of 
the  diode  ring  and  directed  into  a  common  output  line. 
In  addition  to  the  desired  mixing  term,  undeslred 
self-products  of  the  signal  (2tj)  and  reference  (If?) 
arrive  at  the  output  terminal.  But  the  self-products 
from  the  two  arms  of  the  ring  arrive  at  the  output 
terminal  approximately  180  degrees  out  of  phase  and 
effectively  cancel  each  other.  Computer  simulation 
indicates  that  this  technique  has  the  potential  of 
providing  a  14-dB  suppression  of  this  spurious  output 
over  the  desired  403;  fractional  device  bandwidth;  tests 
on  individual  junction  ring  mixers  indicated  a  nominal 
10  dB  suppression.  A  major  limitation  at  the  present 
time  is  that  the  sampling  weight  of  the  taps  is 
somewhat  dependent  upon  the  direction  of  propagation  on 
the  input  delay  line.  Thereiore,  both  input  ports  of 
the  ring  mixer  do  not  always  receive  the  same  magnitude 
of  sample  of  the  signal  (or  reference)  waveform. 
Another  limitation  is  that  the  proximity  couplers  are 
not  terminated  in  their  characteristic  impedance  and 
that  resultant  multiple  reflections  in  the  couplers  can 
cause  considerable  phase  distortion. 

A  photograph  of  a  junction  ring  mixer  is  shown  in 
Fig.  4.  The  structure  has  a  series  array  of  tour  tunnel 
junction  in  each  of  its  four  legs.  The  junctions 
consist  of  a  niobium  base  electrode,  a  niobium  oxide 
tunnel  barrier  and  a  lead  counterelect  rode Junction 
areas  are  defined  by  4 -pur- d i ame t e r  windows  etched  in  a 
silicon  monoxide  insulation  layer.  Input  and  output 
signals  are  coupled  into  and  out  ol  the  diode  rings 
through  microstrip  transmission  lines.  Stray  RF 
currents  on  the  bias  line  are  terminated  with  pad-type 
capacitors. 


Fig.  Photograph  ot  sixteen-  )nm  t  iu'i  ring  mixer. 
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JUNCTION  IMPEDANCE  Rn  <!!) 


5  Predicted  etrlciency  M  of  ring  mixer  as  a 
function  of  normal-state  junction  resistance 
(Rn). 


To  properly  design  convolvers  and  to  project  their 
performance,  it  Is  necessary  to  have  models  which 
predict  mixer  efficiency  and  saturation.  Nonlinear 
circuit  models  which  fulfill  this  function  have  been 
developed.  The  efficiency  of  the  mixing  Interaction  is 
defined  as 


Ir/<PrHs>1/2. 


where  Pr  and  Ps  are  the  Input  powers  diverted  into  the 
mixer  network  and  I[  is  the  output  current  into  the 
load.  A  plot  ot  the  predicted  values  for  M  in  a 
convolver  structure  is  shown  in  Fig.  5.  Both  M  and 
loading  of  the  output  circuit  by  the  ring  mixers  is 
strongly  dependent  upon  j uni  t  ion  impedance. 


■  iutjmt_  Circuit 


To  achieve  a  properly  functioning  device,  the 
iren  product  from  each  mixer  must  add  in  phase  at 
the  out  put  port  ot  the  device.  Because  the  coiiec- 
n  nodes  along  the  output  transmission  line  are  sep- 
, it ed  ny  finite  V  1  .w ,  excessive  phase  distortion  can 
ii. :  in  the  super*  •  wiuct  ive  convolver.  This  phase 
l  irti'.’t,  fas  heen  c  -tr.pensdt ed  to  first  order  in 
i.sf  rri.  .-Min-  livfrs  hv  offsetting  the  center 

\-it  ■  -  .  1  f  the  r«*t  efein  e  relative  to  the  renter 

v»en.  v  ■  !  t  signal/’  This  technique  is  currently 
i  >yed  in  the  sope  r  i ‘.mdu*  t  i  ve  convolvers*  Halt  ot  the 
i.  ihle  ot  put  power  propagates  towards  each  ot  the 
t  at  »p;  '.ite  ends  ot  the  output  line.  Since  the 
pit  pfi.is**  distortion  <  an  »nly  he  compensat  ed  tor  one 
ri  f  ion  «»t  signal  propagation,  one  port  of  each 
pot.  line  is  selected  tor  summation  and  the  second 
t  is  terminated  in  its  character  1st  1 c  impedance, 
er  frequency  terms  such  as  the  undesired  self- 
ducts  have  a  different  phase- vs-pos i t Ion  relation 
p  and  heme  usually  do  not  add  coherently  at  the 


Device  Measurements 


To  dcfrrnine  device  charac t er i st i c s ,  the  convolver 
was  flr>f  evaluated  with  hW  input  tones.  The  real -time 
output  «t  the  lonv-tiver  with  <W  input  tones  gated  to  a 


14-ns  duration  and  entered  into  signal  and  reference 
ports  is  shown  in  Fig.  6(a).  The  envelope  of  the 
convolver  output  has  a  triangular  shape  as  predicted 
for  the  convoiution  of  two  nearly  square  (l-ns 
risetime)  input  envelopes.  The  trailing  side-lobes  are 
associated  with  ret  lections  in  the  measurement  set  and 
spurious  signals  in  the  device.  The  convolvers  have  a 
measured  efficiency  factor  (F-factor)*  of  -30  dBm  which 
is  a  nominal  12-dB  improvement  over  the  previous 
design.  The  maximum  output  power  ievel  of  the  device 
(-58  dBm)  has  been  improved  by  about  18  dB  with  12  dB 
being  associated  with  the  use  of  tunnel  junction  arrays 
in  the  mixers  and  6  dB  the  result  of  the  reduction  of 
parasitic  capacitances  in  the  output  circuit. 


In  wideband  measurements,  input  waveforms  consist¬ 
ing  of  a  flat-weighted  upchirp  and  a  complementary 
downchirp  were  applied  to  the  signal  and  reference 
ports  of  the  convolver.  The  waveforms  were  generated  by 
two  superconductive  tapped-delay-line  filters^.  The 
waveforms  had  chirp  slopes  of  about  62  MHz/ns  and  were 
effectively  truncated  to  instantaneous  bandwldths  of 
about  0.85  GHz  by  the  14-ns- long  interaction  length  of 
the  convolver.  The  resultant  output  waveform  shown  in 
Fig.  6(b)  has  a  bandwidth  of  about  1.7  GHz.  Use  of 
flat-weighted  chirps  should  yield  a  (sin  x)/x  response 
with  a  null-to-null  width  of  1.2  ns  and  peak  relative 
Side  lobes  of  -13  dB.  A  null-to-null  width  of  1.5  ns 
was  observed  with  excessively  high  -7  dB  side- lobe 
levels.  These  distortions  are  attributed  primarily  to 
mixer  products  produced  from  undesired  leakage  of  Input 
signal  onto  the  output  line  and  Inadequate  balance  in 
the  taps. 


I*-  10  ns 


|*  1  ns 


Fig,  6  Output  wavetorm  ot  junction  ring  convolver 

with  inputs  (a)  ot  two  1 4-ns-durat 1  on  gated  CW 
input  tones  and  ( b)  ot  two  linearly  chirped 
waveforms . 
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Extending  Tine-Bandwidth  Product 
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The  maximum  potential  signal-processing  gain  of  an 
analog  device  is  equal  to  its  time-bandwidth  (TB) 
product,  where  T,  the  interaction  time,  is  the  total 
delay  length  of  the  device  over  which  the  waveform  is 
adequately  sampled  and  B,  the  bandwidth,  is  limited  to 
the  frequency  range  over  which  the  amplitude  and  phase 
response  of  the  device  is  well  behaved.  Adequate  sampl 
ing  requires  that  the  time  delay  between  any  two 
complex  samples  of  the  waveform  not  exceed  1/B.  The 
convolver  design  described  in  this  report  has  a  maximum 
tap-delay  spacing  of  about  0.47  ns,  for  a  potential 
signal  processing  bandwidth  slightly  greater  than 
2  GHz,  and  a  delay  time  of  about  14  ns;  thus  it  has  a 
nominal  TB  product  of  28.  Progress  has  been  made  in 
both  the  technology  required  to  realize  longer  inter¬ 
action  lengths®  and  in  conceptual  designs  which 
Incorporate  substantualiy  larger  numbers  of  composite 
tap/mlxer  sections. 

A  daisy-wheel''  delay  line  structure,  shown  in 
Pig.  7,  has  been  conceived  and  investigated  as  an 
alternative  to  the  present  "meander- 1 ine"  structure. 
The  modified  structure  will  maximize  the  utilization  of 
surface  area  on  the  round  substrates.  To  have  a  TB 
product  of  100,  a  like  number  of  mixers  is  required. 
The  mixers  and  output  lines  will  be  located  around  the 
outer  edges  of  the  "daisy-wheel"  design.  A  new  tap 
design  with  a  symmetrical  structure  and  very  short 
transmission  lines  leads  will  improve  "mixer  balance" 
for  improved  spurious  suppression.  Design  studies 
indicate  that  a  convolver  with  a  TB  product  of  100  can 
be  fabricated  on  1 25-um- thick ,  7 .b-cm-dlameter 
substrates.  Silicon  and  sapphire  substrates  with  these 
dimensions  are  commerlcally  available.  Thinner  sub¬ 
strates  under  development  at  Lincoln  Laboratory  would 
allow  much  greater  circuit  densicy  and  correspondingly 
larger  convolve:  TB  products. 

Discussion 

Significant  improvements  have  been  realized  in  the 
development  of  a  superconductive  convolver  for  wideband 
analog  signal  processing.  A  new  convolver  design  has 
been  designed,  fabricated  and  characterized  with  CW 
bursts  and  wideband  waveforms.  The  new  design  is 
providing  an  18-dB  improvement  in  output  power  level 
Present  spurious  signal  levels  are  unacceptably  high 
and  design  improvements  have  been  proposed.  Current 
technology  would  support  the  development  of  a  super¬ 
conductive  convolver  on  a  single  dielectric  substrate 
with  a  bandwidth  of  2-5  GHz  and  a  TB  product  of  10<>. 


The  author  gratefully  acknowledges  R.  W.  Ralston 
and  J.  H.  Cafarella  for  their  advice  and  guidance,  E. 
M.  Macedo  for  his  reactive  ion  etching  and  tunnel 
junction  work,  R.  S.  Withers  and  A.  C.  Anderson  for  the 
superconductive  tapped  delay  lines,  J.  H.  Ho It ham  for 
computer  programing,  A.  P.  Denneno  and  G.  L.  Fitch  for 
photomask  generation,  C.  M.  Vanaria  and  P.  R.  Phlnney 
for  photolithography,  J.  Hamer  for  niobium  films,  and 

S.  S.  Cupoli  for  measurements. 

REFERENCES 

1.  S.  A.  Reible,  A.  C.  Anderson,  P.  V.  Wright,  R.  S. 

Withers  and  R.  W.  Ralston,  "Superconductive 

Convolver,"  IEEE  Trans.  Magn.,  vol.  MAG-19,  no.  3, 
pp.  475-480  (1983) 

2.  S.  A.  Reible,  "Wideband  Analog  Signal  Processing 
with  Superconductive  Circuits,"  1982  Ultrasonics 
Symp.  Proc,  New  York:  IEEE,  1982,  pp.  190-201. 

3.  J.  H.  Cafarella,  J.  A.  Alusow,  W.  M.  Brown  and  E. 

Stern,  "Programmable  Matched  Filtering  with 

Acoustoelectric  Convolvers  in  Spread-Spectrum 
Systems,"  1975  Ultrasonics  Symp.  Proc.  New  York: 
IEEE,  1975,  pp.  205-208. 

4.  S.  A.  Reible,  "Acoustoelectric  Convolver  Tech¬ 
nology  for  Spread  Spectrum  Communications,"  IEEE 
Trans.  Microwave  Theory  and  Tech.,  vol.  MTT-29, 
no.  5,  pp.  463-473  0981). 

5.  S.  A.  Reible,  "Reactive  Ion  Etching  in  the 
Fabrication  of  Niobium  Tunnel  Junctions,"  IEEE 
Trans.  Magn.,  vol.  MAG-17,  no.  1,  pp.  303-30b 
0  979). 

6.  E.  L.  Adler,  "Elect romagnet lc  Long-Line  Effects  in 
SAW  Convolvers,"  1980  Ultrasonics  Symp.  Proc.  New 
York:  IEEE,  1980,  pp.  82-87. 

7.  R.  S.  Withers,  A.  C.  Anderson,  P.  V.  Wright,  and 
S.  A.  Reible,  "Superconductive  Tapped  Delay  Lines 
for  Microwave  Analog  Signal  Processing,"  IEEE 
Trans.  Magn.,  vol.  MAG-19,  no.  3,  pp.  480-484 
0983). 

8.  R.  S.  Withers,  A.  C.  Anderson,  J.  B.  Green  and  S. 
A.  Reible,  "Superconductive  Delay-Line  Technology 
and  Applications,"  to  be  presented  at  the  1984 
Applied  Superconductivity  Conference,  San  Diego, 


— -«  -*  *  -»  ■*  -»  :j  -j  ^v7/aTAV.>-/.v.v>,LLV.v;2.v;/.v.v-Av:/.v;..v. 


c>& 


O  4%Vi«  iC*  I»On  O*  e*Cl  »*«■■  i*9»*4t 


REPORT  DOCUMENTATION  PACE 


read  instructions 

L*l  FORE  COMPLETING  FORM 


1  MW**®C* 


T.  COV?  ACCCiUON  HO  I  I-  i  CAT  AtOC  NUM«f  • 


ESO-TR-  86-073 


Tl  »Lf  »«*•* 


Superconductive  Convolver  with  Junction  Ring 
Mixers 


f.  auThOR/w 


Reible,  Stanley  A. 


J.  I(E|  or  NEOII  1  EdlOD  CO»(l(» 

Journal  Article 

4.  PERFORMING  orc.  REPORT  NUMBER 

_ MS-6642 _ 

«.  COW  T  t  AC  T  0«  C«AHT  NUMtC  «/•/ 

F19628-80-C-0002 


v  PIRfORM.MCORCAM.rAT«>N  name  AMO  AOONESS  "HCMmM -«MT  *‘U 

Lincoln  Lahgratory,  M.I.T. 

P.0.  Box  73  649L 

Lexington,  MA  02173  _ _ 

■  I.  CONTROLLING  OFFICE  MAKE  ANO  A0ORCSS  "  '>•  REPORT  OAtf 

Air  Force  Systems  Command  10  Sep 

Andrews  AFB  I  IS.  NUMBER  Of  RAGES 

Washington,  DC  20334 _ _ 

14.  nOni  TORINO  aCEnCT  NAME  •  AOORESSft/  A//«n«l  ChmUwi  OfU* af  •*-  SEQIRITr  CLASS,  left 

Electronic  Systems  Division  UNCLASS  1 1 

Hanscom  Air  Force  Base  declasuficatiomT 

Bedford,  MA  01730  ioeeoole  n 

14.  MTMWTION  «T4TE«ENTEV<Ai*  «M«Nl 

Approved  for  public  release:  distribution  unlimited. 

IF.  MSTMIRUTIOM  ITaTIRERT  Etf  M<  Mmm  hmnE  M IM  R,  VRfmMfw  Irm/ 

h.  supplementary  motes  . 

IEEE  Transactions  on  Magnetics,  Vol .  MA6-21,  No.  2  March  1985 


IS.  REPORT  OaTE 


IS.  NUMBER  Of  PACES 


IS.  SECURITY  CLASS.  faf  *A<a  type*; 


10  September  1984 


UNCLASSIFIED 


IS*.  DECLASSIFICATION  OOMN6MAOMIC 
SCHEDULE  , 

n/a  _ 


H.  MET  •ORMMmNm  r  —  iiwmr  if  RM«fM7  t4  Rp  IM  mmAm! 

Superconductive  convolvers.  Tunnel -Junction  ring  mixers, 
chirped  waveforms. 


*  *  [  '  .  ’  r*.;  .  /  , 


A  ARtKOMWtlN  GMWlNt  with  t«Ml,*J«KllM 
HUE  alHri  Am  Mia  laaalafM  ael  MmmohM  m  « 
NafraMalla  aatcMI  filter  In  mat  KM-MhUO 
cklrpaa  aanlana.  A  laarlan,  ll-arlaal  aaRP 
caMactlaa  altlfllM  clrcalt  ntMm  caapitary  ateraae 
a*4  ralatsva  eklf  tlaf  at  atflial  a*4  ralaraaca  Map 
(aria.  TMaa  aaaalona  an  ieaple4  kp  2S  pnalHI;  cap 
Rita  eaR  lacal  aaltlpllcatlaa  la  NilanM  kp  IS 
jvactlea  ri«c  alaara.  IM*  alan  traaaalaal—  Itaa* 
caketietly  aaa  the  lacal  proRvcte  a *4  Relleer  the 
caaaalaClaa  cat  pat .  IM  ttpat  rove  r  laaal  af  tka 
eaaaaalcar  kaa  kaaa  lacraaaal  II  41  ay  tka  lecerperatlea 
af  rla(  alaara  a*4  atkar  aat|at  cl  reals  lapraaaaaata. 
Tinea  alaara  aapley  aariaa  erreye  af  aleklea/aleklea 
aal4a/ la*4  janctloaa  arlaan  by  4* lay- 11a*  cap*  la  a 
a*a*l-kala*c*4  aaaaar.  Tka  rla|  alaar  preeiaae  hl|her 
aatfat  paver  laeala  (ta  -SR  Ml,  lapreevR  aappraaalaa 
af  a*4aalr*4  alalac  , reluct#  a*4  klfkar  rf  sapafiacia 
t kaa  414  tka  elacl*~je*etl**  alaara  aa*4  ta  tka  r re¬ 
al  aaa  aaeica.  Caaaalaara  caa  praaia*  tka  aaaaatlal 
pra«r— aakla  aatckaR-f lltar  napiatat  far  aatraaalp 
al4*-kaaaal4ik  apactral  aaalpala  at  aptaa«  apactnM 
natal  hi  laa  ay* tat.  Tka  cvrraat  Ravtec  kt  a  KMi 
4aalpa  kaalvUtk  aa *  a  tlaa  HatlRtk  (Tl)  praRvct  af 
IS.  It  praRvcaR  eaapraaaaR  pvlaaa  vltk  -F  41  peak- 
tpallrlaM  laaala .  RaalRa  lapriviaiiti  t*  k*  41c- 
caaaaR  laelaRa  lacraaala*  at  T»  praRvct  ta  100  at  re¬ 
ive  lap  apart na  alia- lake  laaala. 


*  »  * 


'  » - '  ilS-— -T .  * 


*,  00  .tlTn  *4)  IWTWW  R»  I  MOM  R*  It  M ROUTE 

*  i  ..  MCVMtT  aAMNCAllSii 


R,.^k<.  «  »  •  R,rv^ 


